An endophytic, short rod-shaped, non-motile and non-spore-forming actinobacterium, designated strain CPCC 204135 T , was isolated from a surface-sterilized medicinal plant, Huperzia serrata (Thunb.), collected from Sichuan Province, south-west China. Strain CPCC 204135 T was observed to grow at temperatures between 20 and 37 C (optimum, 28-32 C), at pH 6.0-9.0 (optimum, pH 7.0-8.0) and in the presence of 0-9.0 % (w/v) NaCl (optimum, 0-3 %). Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain CPCC 204135 T belonged to the genus Naumannella, showing the highest level of 16S rRNA gene sequence similarity with Naumannella halotolerans DSM 24323 T (97.2 %), the only species of the genus Naumannella in the family Propionibacteriaceae with a validly published name. The DNA-DNA hybridization value between strain CPCC 204135 T and N. halotolerans DSM 24323 T was 20.1±1.8 %, which is far below the accepted 70 % threshold for
species delineation. The cell-wall hydrolysates contained LL-diaminopimelic acid, alanine, glycine and glutamic acid, with the peptidoglycan type of A3g. Diphosphatidylglycerol, phosphatidylglycerol, an unidentified phospholipid, one unidentified aminolipid, one unidentified polar lipid and several kinds of glycolipids were detected in the polar lipids profile. MK-9(H 4 ) was identified as the predominant menaquinone. The major cellular fatty acids (>10 %) were anteiso-C 15 : 0 and iso-C 16 : 0 . The G+C content of the genomic DNA of strain CPCC 204135
T was determined to be 71.8 mol%. On the basis of phylogenetic analysis, and phenotypic and chemotaxonomic characteristics, we concluded that strain CPCC 204135 T represents a novel species of the genus Naumannella, for which the name Naumannella huperziae sp. nov. is proposed, with strain CPCC 204135 T (=DSM 101717 T =NBRC 111773 T ) as the type strain.
The family Propionibacteriaceae was described by Delwiche [1] and its description has been emended by Stackebrandt et al. [2] and Zhi et al. [3] according to the results of 16S rRNA gene sequence analysis. At the time of writing, there are 17 identified genera in this family (www.bacterio.net/ index.html), which were discovered from various environments, including tidal flat sediment [4] , a deteriorated sandstone monument [5] , activated sludge foam [6] and even spiders [7] . All of these organisms shared the specific 16S rRNA gene signature nucleotides pattern specific to the family Propionibacteriaceae, namely, 688 : 699 (G-C), 701 (C), 823 : 877 (G-C) and 1060 : 1197 (U-A) [3] . Among these genera, the genus Naumannella is the most recently established [8] , and there is only one species with a validly published name to date. Here, we report on the polyphasic taxonomic study of strain CPCC 204135 T , representing another species of the genus Naumannella.
During the course of our research on the diversity of endophytic actinobacteria from medicinal plants of the family Huperziaceae, strain CPCC 204135 T was obtained from a surface-sterilized medicinal plant, Huperzia serrata (Thunb.), collected from a low brush (29 41¢ 24. C for 3 weeks, separated colonies were picked and serially streaked onto DSMZ 92 agar medium (3 % trypticase soy broth, 0.3 % yeast extract, 1.5 % agar; pH 7.0-7.2.) until isolated and uniform colonies appeared. The purified culture was cultivated and maintained in DSMZ 92 agar medium and stored as an aqueous glycerol suspension (20 %, v/v) at À80 C.
Growth of strain CPCC 204135 T was examined at 28 C for 1-4 weeks on DSMZ 92 agar, yeast extract sucrose agar (YM; Difco), Luria-Bertani agar, tryptone soy agar (TSA; Difco), R2A agar (Difco) and nutrient agar [9] . The temperature range for growth was determined by incubation of the strain using DSMZ 92 agar medium at 0, 4, 10, 20, 25, 28, 30, 32, 37 and 40 C for 14 days [10] . The pH range (pH 4.0-11.0, at intervals of 1 pH unit) for growth was measured using the buffer system described by Xu et al. [11] , using DSMZ 92 (without agar) as the basal medium. NaCl tolerance was tested on DSMZ 92 agar medium supplemented with NaCl to final concentrations of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 15 % (w/v).
Colony appearance and pigment production were examined after incubation at 28 C on agar plates of DSMZ 92 medium. Morphological features of cells were observed by using cultures aged 5-7 days under a light microscope (Zeiss Axio Scope A1 Vario) and a transmission electron microscope (JEOL JEM-1010). Cell motility was determined by observing cells suspended in 0.85 % NaCl solution under an inverted microscope. The Gram-staining test was performed as described by Magee et al. [12] . Catalase activity was determined by observation of bubble production in 3 % (v/v) H 2 O 2 . Oxidase activity was detected using API oxidase reagent (bioMeri eux) according to the manufacturer's instructions. Metabolic characters were determined by using Biolog GEN III (MicroPlate) and API 50CH, API 20NE and API ZYM test kits (bioMerieux) according to the manufacturers' instructions, and the carbon utilization experiments were confirmed by conventional methods using the basal medium as follows (l 4 . The abilities of the strain to hydrolyse gelatin, cellulose and starch, and to produce H 2 S and indole were tested as described by Gonzalez et al. [13] . The type strain Naumannella halotolerans DSM 24323 T was included in the parallel physiological and biochemical tests.
Strain CPCC 204135
T grew well on DSMZ 92 medium and YM; moderate growth occurred on TSA, nutrient agar [9] , R2A Agar (Difco) and Luria-Bertani agar. Colonies of strain CPCC 204135
T on DSMZ 92 medium were circular, smooth and entire, with a maximum diameter of 1.2 mm. The newly formed colonies were pale yellow, and then turn to grey-black with age. No diffusible pigments were produced on the tested media. Cells were Gram-staining-positive, non-motile, nonspore-forming and short rod-shaped, with size of 0.4-0.6Â0.9-1.2 µm. Detailed physiological and biochemical characteristics are listed in Table 1 and the species description.
Extraction of genomic DNA from strain CPCC 204135 T , and amplification and sequencing of the 16S rRNA gene were carried out as described previously by Li et al. [14] . The 16S rRNA gene sequence of the isolate was compared with available 16S rRNA gene sequences from GenBank using the BLAST program and the EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net) [15] to determine an approximate phylogenetic affiliation. Multiple sequence alignment and analysis of the data were performed with the molecular evolutionary genetics analysis (MEGA) software package version 5.0 [16] . The phylogenetic trees were reconstructed by the neighbour-joining [17] , maximum-likelihood [18] and maximum-parsimony [19] tree-making methods by using the software package MEGA version 5.0 [16] . The genomic G+C (mol%) content of strain CPCC 204135 T and N. halotolerans DSM 24323
T was determined by the thermal denaturation method [20] Chemotaxonomic studies were conducted with cells cultivated in shake flasks on a rotary shaker (150 r.p.m.) using DSMZ 92 medium at 28 C to the exponential phase except for fatty acids extraction and analysis. The sugar pattern in whole-cell hydrolysates was determined using TLC as described by Komagata and Suzuki [22] . Purified peptidoglycan was prepared according to the method stated by Schleifer and Kandler [23] . Amino acids and peptides in cell-wall hydrolysates were analysed by two-dimensional ascending TLC on cellulose plates, using the solvent systems described by Schleifer and Kandler [23] , and confirmed using HPLC according to the method described by Tang et al. [24] . Polar lipids were extracted, examined by two-dimensional TLC and identified using previously described procedures [25] . Menaquinones were extracted according to the method of Collins et al. [26] and analysed by HPLC [27] . Cellular fatty acids were extracted from the biomass collected from the exponentially growing cells in trypticase soy broth (TSB; Difco), methylated and analysed using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions [28] [29] [30] . MIDI Sherlock version 6.0 and the ACTIN1 database were employed in this analysis.
Ribose, arabinose, glucose and galactose were detected in whole-cell hydrolysates (Fig. S1 , available in the online Supplementary Material). LL-Diaminopimelic acid, alanine, glycine and glutamic acid were found in the cell-wall peptidoglycan, which indicated that the cell-wall peptidoglycan type of strain CPCC 204135 T was A3g (Fig. S2) . Diphosphatidylglycerol, phosphatidylglycerol, an unidentified phospholipid, one unidentified aminolipid, one unidentified polar lipid and several kinds of glycolipids were detected in the polar lipids profile (Fig. S3 ). MK-9(H 4 ) was detected as the major quinone (84 %), with minor amounts of MK-9(H 6 ) (12 %) and MK-8(H 4 ) (4 %). While in strain N. halotolerans DSM 24323 T , MK-9(H 4 ) and MK-8(H 4 ) were detected in a ratio of 4 : 1, with trace amounts of MK-9(H 6 ) (Fig. S4) . These results supported the differentiation of strain CPCC 204135 T from N. halotolerans DSM 24323 T . The major cellular fatty acids (>10 %) were anteiso-C 15 : 0 and iso-C 16 : 0 , and the detailed composition is given in the species description and Table S1 . The G+C content of the genomic DNA of strain CPCC 204135
T was found to be 71.8 mol%.
The 16S rRNA gene sequences comparison and the according phylogenetic analysis suggested that strain CPCC 204135 T belongs to the genus Naumannella. In the phylogenetic trees based on 16S rRNA gene sequences generated by using all three tree-making methods, strain CPCC 204135 T formed a distinct cluster with N. halotolerans DSM 24323 T within the family Propionibacteriaceae, which indicated that strain CPCC 204135 T was phylogenetically affiliated to the genus Naumannella (Fig. 1) . The chemotaxonomic data, including the peptidoglycan type, diagnostic sugars and polar lipids composition, as well as the menaquinone system supported the classification of strain CPCC 204135
T as a member of the genus Naumannella. The DNA-DNA hybridization value (20.1±1.8 %) between strain CPCC 204135 T and N. halotolerans DSM 24323 T was well below 70 %, the cut-off value generally recommended for the delineation of genomic species [31] . The differences in the cellular fatty acids and the detailed menaquinone(s) composition, and the differential physiological characteristics between strain CPCC 204135 T and N. halotolerans DSM 24323
T also merited identification of strain CPCC 204135 T as a representative of a different species of the genus Naumannella from N. halotolerans (Tables 1 and S1 ). Therefore, strain CPCC 204135 T is proposed to represent a novel species of the genus Naumannella, for which the name Naumannella huperziae sp. nov. is proposed.
DESCRIPTION OF NAUMANNELLA HUPERZIAE SP. NOV.
Naumannella huperziae (hu.per¢zi.ae. N.L. gen. n. huperziae of huperzia, referring to the isolation of the type strain from a plant of Huperzia serrata).
Cells are aerobic, Gram-staining-positive, non-motile, nonspore-forming and short rod-shaped, with a size of 0.4-0.6Â0.9-1.2 µm. No diffusible pigments are produced on any media tested. Colonies on DSMZ 92 medium are smooth, circular and entire, and pale yellow to grey-black in colour. Growth occurs at 20-37 C (optimum 28-32 C) and at pH 6.0-9.0 (optimum pH 7.0-8.0) with 0-9 % (w/v) NaCl (optimum 0-3 %). Catalase-positive; oxidase-negative. Hydrolyses starch, Tween 40, gelatin, milk and urea but not cellulose. Negative for H 2 S and indole production. Positive for 
